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FOREWORD

(C) The BEARING STAKE Exercise was. conducted by the Naval Ocean
Systems Center (NOSC) under the sponsorship of the Naval Electronic
Systems Command (PME-124) at five sites in the northwest Indian Ocean
between January and April 1977. Personnel from the Naval Ocean Research
and Developmeht Activity (NORDA) managed the environmental data
collection program and analyzed most resulting oceanographic, meteoro-
logical, and bathymetric data. This report defines the diverse sound speed
variability at each exercise site and relates this variability to the distribu-
tion of .various intrusive water masses, particularly high salinity Red Sea
Intermediate Water. In addition, possible effects of the environment on
acoustic propagation are assessed for each exercise site. This document
presents the final environmental data analysis scheduled in support of
BEARING STAKE acoustics.

DR. RALPH GOODMAN
TECHNICAL DIRECTOR
NORDA
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EXECUTIVE SUMMARY

(C) This report contains an interpretation of oceanographic (sound speed), meteorological, and bathymetric
data collected during January through April 1977 as part of the BEARING STAKE Exercise at the follow-
ing sites in the northwest Indian Ocean; site lA/1B (Gulf of Oman), sites 2 and 3 (central Arabian Sca),
site 4 (western Somali Basin), and site 5 (southern Arabian Sea).

ENVIRONMENTAL FINDINGS

* (U) The entire exercise took place during either the northleast monsoon (sites IA, I B, and 3 in
January-February) or during the transitional period between the northeast and southwest monsoons (sites
4, 5, and 2 in March-April).

* (U) Representative exercise and southwest monsoon (June-September) sound speed profiles were
quite similar except above a depth of 400-500 m (due to the effects of monsoonal reversal) and in regions
where summer upwelling is expected (sites 2 and 4).

• (U) Overall, temporal and spatial sound speed variability was least at sites 2 and 3, intermediate
at sites 1-A/lB and 5, and greatest at site 4.

* (U) Sound speed profiles at site 1B were up to 5 m/sec lower than those at site IA measured nearly
one month earlier. This anomaly probably was caused by increased northeast monsoon upwelling after the
site IA occupation.

* (C) At site 4 and throughout the western Somali Basin, interleaving of four intrusive water masses
(particularly high salinity .Rcd Sea Intermediate Water and low salinity Antarctic Intermediate Water)
caused complex and highly variable sound speed structures to depths in excess of 1800 m.

ACOUSTIC IMPLICATIONS

• (C) At all sites, the maximum temporal and spatial sound speed variability in the water column
occurred between about 100 and 150 m, at or just below the tow depth of the low frequency CWV source
(generally 91 m).

* (C) At all sites except site 4, acoustic propagation was bottom-limited in respect to both the high
frequency (generally 18-m) and low frequency (generally 91-m) CW sources.

9 (C) Site 4 was effectively bottom-limited in respect to the high frequency (18-m) source. However,
for the low frequency (91-im) source, at least 200 m of depth excess was found both at the site and along
most acoustic tracks radial to the site.

* (C) The intense sound speed variability and microstructure found at site 4 and throughout the
western Somali Basin should cause some propagation anomalies, particularly for the low frequency (91 -in)
source when some depth excess was present.

* (C) At all sites, ambient noise levels above 200 lIz should be moderate to low because of the low
wind speeds and sea heights throughout the exercise.

0 3CONFIDENTIAL
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BEARING STAKE EXERCISE:

SOUND SPEED AND OTHER ENVIRONMENTAL VARIABILITY (U)

I. (U) INTRODUCTION

(C) During January. thiough April 1977, the BEARING STAKE exercise was conducted by the
Naval Ocean S;stens Center (NOSC) under the sponsorship of the Naý,al Llectronics Sxstems Command
(PME-1 24) at five sites throughout the northwest Indian Occn. The Environmental Effects Branch, Ocean
Acoustics Division of NORDA had primary responsibility for analyzing environmental (oceanographic,
bathymetric, and meteorological) and navigational data to support exercise acoustic data analysis. This
report represents the final environmental data analysis in support of BEARING STAKE. Much of the work
contained herein has appeared previously in the BEARING STAKE Acoustic Assessment Report (NOSC,
1978).

(C) Figure 1 shows the location of the five major acoustic sites and the sound speed analyses con-
tained in the main body of this report. Other sound speed analyses performed by NORDA for NOSC are
indexed on Figure 21 and presented ;n Appendix A. Environmental data were collected at one or more
sites by the following vessels:

0 USNS KINGSPORT (T-AG-164) (KP)

* USNS MYER (T-ARC-6) (MY)

0 USNS WILKES (I-AGS-23) (WI)

* USNS MIZAR (T-AGOR-11) (MZ)

* HMAS I)IAMANTINA (DI)

The two-letter abbreviations in parentheses following each of the above %cssels are the same as ased in
various illustrations of this report. Environmetal data collection periods at each site were as follows:

* Site 1A: 14-24January

* Site 3: 1-16 February

0 Site 1B: 16-26 February

• Site 4: 9-26 March

0 Site 5: 8-21 April

0 Site 2: 21-30 April

All sites were occupied either during the northeast monsoon, (December through February) or during
the transitional period between the northeast and southwest monsoons (March through May). Site 1 was
occupied twice, denoted by sites IA and lB.

1 CONFIDENTIAL
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lI. (U) GENERAL DISCUSSION OF ENVIRONMENTAL DATA

(U) Table I summarizes oceanographic and meteorological- data collected at each major acoustic
site. Oceanographic data consisted of expendable bathythermograph (XBT) observations and sound velocity/
salinity-temperature-depth (SV/STD) stations. XBTs are summarized by the maximum depth to which
each trace was acceptable. Meteorological data included observations of wind speed, wind direction, sea
height, and swell height. In addition to those data listed in Table 1, sea surface temperature observations

were collected continuously by WILKES at sites 1A, 113, 3, and 4, and bathymrtric data were collecctd
by KINGSPORT, WILKES, and MIZAR throughout the exercise area. NORDA provided NOSC with
analyzed bathymetric data along KINGSPORT acoustic tracks, while NOSC analyzed that WILKES and
MIZAR data necessary for acoustic assessment. All bathymetric data analyzed by NORDA were corrected
for the speed of sound in seawaer using thc tables of Matthews (1939).

(U) Three types of XBTs were deployed during the exercise: Sippican Model T-5 probes (maximum
depth of 1830 m) by KINGSPORT, MYER, WILKES, and MIZAR; Model T-7 probes (maximum depth of
760 m) by MIZAR and DIAMANTINA; and Model T-4 probes (maximum depth of 460 m) by DIAMAN-
TINA. The great majority of the MIZAR XBTs were T-7 probes; the great majority of the DIAMANTINA
XBTs were T-4 probes. All XBT traces were machine digitized and converted to sound speed using the
equation of Wilson (1960). Salinities necessary for sound speed calculation were individually assigned to
each XBT trace, and were bqscd on a salinity field derived from exercise SV/STD data and historical north-
east monsoon Nansen cast data. Approximately 45% of the T-5 probes deployed failed at depths less than
1500 m due to wire entanglement, wire rubbing, or actual wire breakage. Fortunately, it was possible to
determine deep sound channel (DSC) statistics throughout the exercise area from exercise SV/STDs and
those T-5 XBTs that reached their maximum depth.

(U) All three XBT models measure temperature to ±0.2"C, which results in a calculated sound speed
accuracy of about ±0.8 m/sec assuming that there are no errors in Wilson's equation. The SV/STD systems
used by KINGSPORT, WILKES, and MIZAR measure sound speeds with a precision of about ±0.3 m/see,
and yield Wilson equation sound speeds accurate to about ±0.1 m/sec. Generally, BEARING STAKE sound
speeds calculated frcm XBT temperatures were up to 1.0 m/sec higher than those measured directly and up
to 0.5 m/sec higher than those calculated from SV/STD temperatures and salinities. Most of this error is
attributable to XBT inaccuracies compounded by inaccuracies in Wilson's equation (Carnvale, et al., 1968;
MacKenzie, 1971). Despite these inaccuracies, the total exercise sound speed data base (XBTs plus
SV/STDs) is adequate for propagation loss calculations since measured and calculated sound speed gradients
were nearly identical throughout the upper 2000-2500 m of the water column. Below 3000 m, Wilson
equation sound speeds were up to 2.0 m/sec higher than those measured directly. Therefore, sound speeds
measured during the exercise were used to extend profiles so as not to bias propagation loss calculations.

(U) Measured sound speeds also were used in calculating critical depth and 90-m conjugate depth.
Critical depth, the depth where the maximum sound speed at the surface or in the near-surface layer
(i.e., sonic layer depth) recurs, defines the bottom of the DSC. The DSC axis is the depth of the absolute
sound speed minimum in the water column. The depth where the sound speed at 90 m recurs is defined as
90-m conjugate depth, and delineates the minimum depth necessary for refraction of downward rays from
a 90-m source. Because sound speeds calculated from Wilson's equation were up to 1.0 m/sec higher than
those measured directly, critical and 90-m depths based on calculated deep gradients could be up to 70 in
shallower than those based on measured deep sound speed gradients. Consequently, measured sound speeds
for depths greater than 3000 m rather than computed values were used to determine critical and 90-m
conjilgitte depths.

(U) As previously reported (NOSC, 1977), a substantial percentage of data from BEARING STAKE
XBTs initially appeared too warm below a depth of 600-1000 m when compared to exercise SV/STD data.
Preliminary evaluation of the XBT traces indicated that these erroneously warm temperatures were caused
mainly by an alteration in the sink rate of the XBT probes due to entanglement with towed projectors
and/or wire rubbing. However, during later analysis of the traces, XBT recorder malfunctions (caused pri-
marily by a slow recorder servo-motor response) were uncovered that could lead to warmer temperatures
in that region of the water column where temperature becomes basically isothermal (i.e., belowv about
1000 in). These errors were compensated during machine digitization of the traces, so that most XBT

3 CONFIDENTIALBest AvicboCopy
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TABLE 1 (U)

SUMMARY OF BEARING STAKE OCEANOGRAPHIC DATA (U)

XBTs
SHIP 100-600 m 600-1500 m >1500 m SV/STDs W-FATHER _OBS

Site ]A

KINGSPORT 4 9 24 4 132
MYER 4 4 9 ) 204
WILKES 1 0 1 0

Total 9 13 34 336

Site lB
KINGSPORT 10 1 1 12 84
MYER 0 4 8 0 158
WILKES 3 4 13 5 0
MIZAR 7 6 6 2 96
DIAMANTINA 20 0 0 0 13

Total 40 15 28 19 351

Site 1 Total 49 28 62 28 687

Site 3
KINGSPOPT 4 7 21 12 168
MYER 3 2 13 0 321
WILKES 9 12 36 6 0
MIZAR 20 10 2 5 96
DIAMANTINA 12 0 0 0 13

Total 48 31 72 23 598

Site 4
KINGSPORT _ 25 25 13 288
MYER 0 4 14 0 332
WILKES 13 20 36 4 0
MIZAR 6 18 4 3 264
DIAMANTINA 32 8 0 0 44

Total 53 75 79 L 928

Site 5
KINGSPORT 2 16 4 4 132
MYER 2 11 3 0 253
MIZAR 2 14 0 3 156
DIAMANTINA 21 4 0 0 29

Total 27 45 7 7 570

Site 2
KINGSPORT 1 10 0 1 108
MYER 1 3 9 0 192
MIZAR 9 10 1 1 156
DIMANTINA 0 0 0 0 25

lotal 11 23 I10 2 481

Grand Total 188 202 230 80 3264

4 CONFIDONilAL
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temperatures below about 1000 m agreed to 0.1 0-0.2°C with those measured using S\V/STDs, well within

the accuracy of the XBT system.

III. (U) GENERAL OCEANOGRAPHIC SETTING

(C) The sound speed structure of the northwest Indian Ocean has been extensively discussed by
Fenner and Bucca (1972a and b) and more recently, by Colborn (1976). The following paragraphs review
these previous works tailored to the five BEARING STAKE acoustic sites.

(U) Sound speed profiles throughout the exercise area \vwre influenced by one or more of the fol-
lowing intrusive water masses:

-High salinity Persian Gulf Intermediate Water (PGIW) with a core at 250-400 m

0 Low salinity Subtropical Subsurface Water (SSW) at 4j0-500 in

* High salinity Red Sea Intermediate Water (RSIW) at 500-900 m

* Low salinity Antarctic Intermediate Water (AAIW) at 700-800 m

* Low salinity Banda Intermediate Water (BIW) at 900-1000 m

These various water masses can perturb the negative sound speed gradient lying between the permanent
thermocline (100-209 m) and the DSC axis. Generally, low salinity cores result in sound speed minima,
high salinity cores in sound speed maxima. During BEARING STAKE, sound speed maxima and minima
frequently appeared as microstructure with a limited depth extent, particularly in the presence of several
intrusive water masses. Figure 2 gives the temperature-salinity (T-S) indices for each of the five intrusive
water masses and is taken directly from Fenner and Bucca (1972b).

(U) Sites IA and lB both were influenced by high salinity PGIW that emanates from the Persian
Gulf through the Straits of Hormuz. In the Gulf of Oman, this water mass frequently causes sound speed
maxima at depths of 200-250 m, just below the base of the permanent thermocline. Both sites also were
affected by highly variable northeast monsoon upwelling that occurs at the northcrn end of the Arabian
Sea (Cushing, 1971). SSW may have been present at sites 1A/IB, but is net detectable by a salinity mini-
mum in the Gulf of Oman, rather only by an oxygen minimum.

(Ui Site 2, located just east of the mouth of the Gulf of Aden, was influenced by PGIW and RSIW.
The latter water mass emanates from the Red Sea into the Gulf of Aden and then into the Arabian Sea. At
site 2, PGIW and RSIW actively intermix with low salinity SSW and subsequently sink within the upper
1000 m of the water column. Such intermixing can produce extensive nicrostructure. In contrast, minimal
oceanographic activity occurred at site 3. At this site, PGIW is too diluted to affect sound speed structures
and RSIW is barely detectable in historical sound speed profiles. None of the three low salinity intrusive
water masses generally is present at site 3.

(U) Site 4 was located astride a primary flow ol RSIW that extends south along the east African
coast at depths of 600-900 in. This site was strongly influenced by low salinity SSW and AAIW that flow
north along the east African coast between about 400 and 800 m. These two low salinity flows lie above
and below the core of high salinity RSIW and intensively intermix with RSIW throughout the Somali
Basin (Warren, et al., 1966), causing extensive sound speed microstructure. Site 4 also car be influenced
by low salinity BIW that flows east across the Indian Ocean from the region of the Indonesi in Archipelago
(Rochford, 1966) and by high salinity PGIW that flows south along the Somalia coast. Gene-ally, however,
the latter two water masses, when present, cause insignificant amounts of sound speed microsi ucture in the

vicinity of site 4. Since this site was occupied towards the end of the northeast monsoon, it was not influ-

enced by the strong Somali Current that flows north along the east African coast (luring surmner. Generally,
the monsoon reversal does not take place in the Somali Basin until late April or early May (Duing and

Schott, 1978), well after the site 4 occupation.
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(U) Like site 4, site 5 also was locatcd astride a picferential flow of RSIW and was influenced

strongly by SSW. Due to its location just north of the Carlsberg Ridge, this site was not influenced by
AAIU\ ol BIW. PGIW was present at site 5, but did not maikedly affect sound speed structures. Generally,
effects of water masses on sound speeds at site 5 w ere less than that at site 4, but somewhlat greater than
that at sites 2 and 3 directly to the north.

IV. (U) ENVIRONMENTAL VARIABILITY AT SITES 1A/IB

(C) Sites IA and lB were located in the eastern part of the Gulf of Oman within tile Oman Basin.
The Bottom Mounted Array (BMA) at site lB was implanted \%ithin 5 nm (9 km) of that at site IA, but
nearly one month later. As prexiously mentioned, both sites Nere undei the influence of PGIW with a high
salinity core at 200-250 m an d highly vaiiable northeast monsoon upwelling. Figure 3 presents the site IA
environmental summary. Sound speed peiturbations aboxe 600 m shown in this figure were caused b)y
PGIW that apparently was sinking a, site 1 A. A sonic layer 50-7C m deep %aas present at the site throughout
most of the occupation. The exception was between 17 and 20,januaiy when surface insolation masked the
layer. During the 19-day occupation, the depth of the DSC oscillated betNeen about 1600 and 1850 m
xwith a sound speed variation at the axis of about 2.5 m/sec. Due to relatixely high surface sound speeds
and the shallow nature of the Gulf of Oman, site 1.i was bottom-limited in respect to both the high fre-
quency (24-m) and lo'a frequency (91-m) CMv sour,-es. The greatest temporal sound speed xariability in
tile water column (about 10 m/sec) occurred at 100 mi, jast below the nominal depth of the low frequency
source. Meteorological conditions were relatively stable at site 1A, with wind speeds generally less than
10 m/sec, sea heights less than 2 m, and swell heights less than 3 in.

(C) The environmentai summary for site 1B is gixen in Figure 4. Although PGIW was present at
site 1B, it did not cause sound speed perturbations in the upper water column. A sonic layer was absent
"Juring most of the site 1B occupation, apparentl, due to surface insolation. Tile depth of tile DSC varied
between 1580 and 1820 in over nine days with a sound speed change of less than 2 m/sec. Like that at
site IA, acoustic propagation at site 1B was bottom-limited in respect to both the high (18-m) and low
(102-m) frequency CW sources. The greatest temperal sound speed xariability (about 10 m/sec) ag,'n
occurred at 100 m, near the nominal depth of the low frcqucncy source. Wind speed, sea height, and
swell height gradually, decreased during the site lB occupation, but were less than 10 m/sec or 2 m
throughout.

(C) At depths less than 1800 in, the en'elope of temporal sound speed xariability at site 1B
(Figure 4) lay at lower sound speeds thaa that for site 1A (Figure 3), \Nith a maximum difference of 4-5
m/sec at 400-m depth. The lowest sound speed profile in the Figure 4 envelope (KP SV/STD 26) repre-
sents conditions at the beginning of KINGSPORT exent S1 at site lB. Figure 5 compares sound speed
and temperature profiles for KP SV/STD 26 with those taken nearly one month earlier at tile beginning
of KINGSPORT event Sl at site 1A. The 4- to 5-m/sec difference in sound speeds at 400 rn is due to -
drop in temperature of about 1.30C. This change probably was caused by increased upwelling dining
Febiuary (site 1B occupation). Wind speeds and directions betwccn 16 and 20 Fcbruary (Figute 4) were
far more persistent than those encountered at site 1A (Figure 3), a condition conducix e to uplx elling.
Another possible cause for this phenomena is an incursion of cooler, lower salinity SSW into the Gulf
of Oman after the site IA occupation. ltowexer, as prexiously mentioned, SSW cannot be idlentifi(, t in
the Gulf of Oman by a salinity minimum, but rather only by an oxygen minimum. Unfortunately , no
oxygen data were collected during BEARING STAKE. Sound speed cross sections for KINGSPORT excnts
S at site IA and S1 at site lB are presented in Appendix A as Figures 22 and 23, respcctixely, and have
been discussed in the BEARING STAKE Acoustic Assessment Report (NOSC, 1978).

(C) Figure 6 shows a contoured sound speed cross section along the KINGSPORT 1A1 track, and
Figure 7 shows an oerplot of selected sound speed profiles along this same track. The track was planned
to correspond with an aircraft SUS cxent flown between 220914Z and 221103Z January 1977. Unfortu-
nately, the actual SUS run lay about 43 nim (80 kin) cast of the KINGSPORT track. A well defined sonic
layer was present along the entire section at depths bct(\ecn 50 and 100 in. The I)SC axis varied in depth
between 1750 and 1930 in with a sound speed %ariation of about 2 m/see. Both sonic layer and axial
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Figure 3.(U) Environmental suminarN at site 1A (14-24Jai,,ua y 1977) (U)
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Figure 7.(U) Sound speed overplot along KINGSPORT IAI track (site IA) (U)
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depth were greatest at a range of 110 urn (about 200 km) from site 1A. This range appaiently marks the
center of an anticyclonic cell. The sound speed profile in the center of this cell (KP XBT 44 shown on
Figure 7) is sevcral meteis-per-second highei than that for profiles surrounding it. The anticyclonic nature
of this cell is confiirned by the sharp declination of thc 1497- to 1520-m/sec isopleths at ranges greater
than 50 nm (about 90 kin) followed b' a mote gradual isopleth inclination at ranges greater than 120 nm
(about 220 kin). A similar aaticy clonic cell is e ident in the winter (December-February) surface dynamic
topography of the nortlhcin Arabian Sea (Duing, 1970). The corrected bottom along the entire KINGS-
PORT track was shallowver than either critical or 90-m conjugate depth. Maximum sound speed variability
along the track (about 14 rn/see) occurred at a depth of about 100 in.

V. (U) ENVIRONMENTAL VARIABILITY AT SITE 3

(C) Site 3 was located in the central Arabian Sea, and as prexiously mentioned xxas not markedly
influenced by intrusike water masses. Only RSIW caused significant microstructure on Site 3 sound speed
profiles (at depths betxxeen about 400 and 900 in). The environmental summary for this site is presented
as Figure 8. A sonic layer was present during the first five days, but later was masked by surface insolation.
The depth of the DSC remained quite constant (1720-1850 m) and the axis showed a sound speed varia-
tion of less than 2 m/sec. The maximum tenmuoral -ariation in the Nxater column occurred at about 100 m,
and was only about 5 in/sec. Oxerall, tempoial sound speed variability at site 3 was less than at any other
exercise site, and meteorological conditions xNere ery nearly constant. Wind speeds averaged about 5 m/se-
and wvere is..ociated with sea and swell heights of less fhan 2 m. As was the case at sites 1A and IB, site 5
was bottom-linted in rcspect to both the high frequency (18-m) and low frequency (91-m) CW sources.

(C) Figure 9 showvs a contoured sound sir-ed cross section along the KINGSPORT 3A2 track. An
overplot of selected sound speed piofiles along this track is given in Figure 10. The KINGSPORT 3A2
track corresponds to an ancraht SUS c'.ent flown between 080850Z r,,rd 081021Z February 1977. The
XBTs and SV/STDs along the track we.c taken 3-5 days after Lhv aic( jaf. "• nt. A sonic layer was present
along most of the section at depths betm een 20 and 80 n. "-Nt it,, 3 (M' XBT 47) surface insolation masked
the layer, while at ranges between 100 and 20C nm (aLout i80 and 380 kin) surface insolation caused the
sonic layer to shoal to about 20-in depth. The depth of the DSC axis gradually inclined to the southwest
from 1900 mn at site 3 to 1775 mn at a range of 310 nm (about 575 kin), and displayed a sound speed
variability of about 3 rn/sec. At depths betxxeen about 400 and 900 in, RSI\\ caused small sound speed
perturbations in the negative sound speed gradient underlying the permanent thermocline. These per-
turbations took the form of microstructurc with Nertical extents less than 100 in. The corrected bottcrm
along the entire track was shallower than either critical or 90-m conjugate depth. The greatest spati I
sound speed variability in the water colamn (about 5 rn/sec) occurred at about 100-m depth. Two other
sound speed cross sections radial to site 3 (for KINGSPORT events P2 and P4) are presented in Appen-
dix A as Figures 24 and 25, respectively. Both sections have been discussed in the BEARING STAKE
Acoustic Assessment Report (NOSC, 1978).

VI. (U) ENV1RONMENTAL VARIABILITY AT SITE 4

(C) Site 4 was located atop the Chain Ridge with acoustic tracks oriented north and west across
the western Somali Basin. Environmental -cariability at site 4 was the most complex found at any exercise
site due to intermixing of five intrusive N%,ater masses (PGIW, SSW, RSIW, AAIW, and BIW). Figure 11
presents a temperature, salinity, and sound speed profile plus a T-S diagram for a location about 30 nim
(55 kin) north,xest of site 4 (see location on inset to Figure 13) that is generally representative for the site
itself. BIW is not present on the Figure 11 T-S diagram, but can be found sporadically in the vicinity of
site 4 at a sigma-t of about 27.40 (see Figure C-7 of Fenner and Bucca, 1972b). PGIW and AAIW also may
be absent at site 4. However, during BEARING STAKE, AAIW was present at the site throughout the
occupation, and PGIW was present throughout most of the occupation. In terms of sound speed structure,
RSIW was the most influential water mass and was prcsevt throughout the western Somali Basin during
March 1977.
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Figure 8.(U) Environmental summary at site 3 (1-16 February 1977) (U)
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A CONFIDENTIAL
A. (U) Temnporal Variability

(C) The environmental summary for site 4 (including an 18-day time-series plot of sound
speed) is given in Figure 12. Throughout the occupation, sound speed profiles displayed extremely variable
microstructure between about 300 and 1800 m. As pre,,iously mentioned, this microstructure was caused
by mixing of PGIW, SSW, RSIW, and AAIW and by sinking of RSIW as a result of this intermixing. A
sporadic sonic layer frecquently %%as present, but was not a permanent feature at site 4. Over 18 days, the
depth of the DSC lay between 1600 and 1850 in, with a sound speed variability of 3-4 m/sec. At 100 m,
just below the depth of th- low frequency CW source (91 m), sound speed varied by more than 17 m/sec,
the greatest temporal variability encountered at any exercise site. Although the corrected bottom depth at
site 4 was 5109 in (deepest )f any exercise site), site 4 was effectively bottom-limited throu,,hout the
occupation. Before 17 March. 90-i1 conjugate depth was about 200 m shallower than the bottom. However,
between 17 and 21 March, 59-m conjugate depth shoaled to a ievel about 700 m above the bottom. Tile
rapid decrease in 90-in conjugate depth was caused bý a cooling of the main thermocline that also resulted
in a change of shape of the sound speed profile above a depth of about 200 m. Wind speeds at site 4
averaged 5 m/sec, accompanied by approximately 1-m seas and 2-m swells.

(C) Figure 13 shows a 78-hour time-series plot of sound speed and temperature profiles
at a location 20 nm (37 km) northwest of the nominal site 4 position (Fig. 1). The locations of the XBTs
and two MIZAR SV/STDs used in this tim2-series are shown on an insert to Figure 13. A T-S analysis
for one of the two SV/STDs (MZ SV/STD 9) is presented on Figure 11, and indicates that PGIW, SSW,
RSIW, and AAIW were present and actively interleaving during the 78-hour time-series. All XBTs used
in the time-series were taken by WILKES, alleviating relative XBT recorder inaccuracies.

(U) The intense sound speed microstructure shown in Figure 13 is continuous throughout
most of the 78-hoir samlple period. TI- p.-- u-.,mat upper sound speed minimum (i.e., the minimum
with the lowest sound speed in the upper water coluimn) gen.ierally occurred at about 500 m, and generally
corresponded to the depth of the low salinity SSW core. The predominant intermediate sound speed maxi-
mum (i.e., the maximum above the DSC axis with the highest sound speed) generally occurred between

A" 600 and 800 m, and corresponded to one of tl.e several high salinity RSIW cores. llowever, on 23 March

(WI XBTs 153 and 161), the predominant upper soond speed maximum actually lay above the depth
of tile upper mifimunl, but still corresponded to an RSIW salinity maximum. At the site of the 78-hour
time-series, and at site 4 itself, AAIW w-s acti\ely mixing out the hih salinity RSIW core. Such inter-
mixing was responsible for much of the complex saund speed microstructure shown on Figures 12 and
13. PGIWV did not cause sound speed perturbations during tile short-period time-eries, but did cause gra-
cdient changes above a depth of about 300 in when present. BIW apparently w_.s not present northwest
of site 4 but may have been sporadically present at site 4 itself.

(U) Over the 78-hour time-series (Fig. 13), a sonic layer generally was not present due to
surface insolation. A similar situation was found at site 4 during the 18-day time-series (Fig. 12). The
depth of the DSC axis varied between 1580 and 1790 in over 78 hours (total variation of 210 in). This
variation is of the same magnitude as the 250-m variation in axial depth found at site 4 over a period of
18 days. Variations in axial sound speed (3-4 m/sec) also were comparablc for the 18-day and 78-hour
time-series. The fact that the fluctuations in axial depth and sound speed were approximately the same
over 78-hour and 18-day samples implies that the fluctuations werc random.

B. (U) Spatial Variability

(C) Fligurc 14 shows a contoured sound speed cross section along the KINGSPORT 4A]
track corresponding to an aircraft SUS flight made between 20061iZ and 200756Z Maich 1977. The
track was occupied by KINGSPORT 1-4 days after the aircraft event. Figure 15 shows an overplot of
selected sound speed profiles, and FiguLre 16 presents T-S diagrams for each of the KINGSPORT SV/
STDs along the track. A sonic layer occurred along most of the section, but was shallow (20-30 in) and
relatively ill defined. The greatest, ,'.tial sound speed variability (about 1 mn/sec) occuri ed at 150-in depth
within tile permanent themimocline. l)cspite the greater than 5000-in depths of the Somali Basin, the track
was basically bottom-limitcd. Al n,, the first 250 ni (about 460 kin) of track, the conectecd bottom was
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Figure 12.(U) EInvII rmeintal summary at, site 4 (9-26 March 1977) (U)
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at least 200 m deeper than 90-m conjugate depth. Near site 4, 1iovccexe the corictcd bottom was up to
800 m deeper than 90-m conjugate depth due to a cooling of the main thermocline. A similar cooling Nwas
found in the 18-day sound speed time-series (Fig. 12) after 17 March.
exrie (U) DSC structure along the KINGSPORT 4A1 track N aried more than that along any other
exercise acoustic track. Axial sound speed varied bý about 3 m/see, Nkhilc axial depth %aried between 1550
and 1920 in. All of the variation in axial depth occurred between ranges of 261 and 303 nrn (484 and
567 kin). HLre, the depth of the DSC had a gradient of 8.4 m/nm (4.5 m/kin). Although this gradient
is only one-fifth that found across Gulf Stream fronts in the North Atlantic Ocean (Fennei, 1978), it is
the largest such gradient found along exercisc acoustic tracks and demarks the locaL;on of an oceanic
frontal zone at 9°-10°N. This front caused a discontinuit) in the sonic layer and marked the northern
boundary of double minimum sound speed piofiles. Within the fiontal zone, RSJW was intensixel) mixed
with PGIW, SSW, and AAIW, causing the rapid declination of the 1502- through 1507-in/sec sound sj.eed
isopleths. At the approximate location of this frontal zone, the major flow of RSIW cast of Socotra (Fg. 1)
breaks into several preferential flows (see Figure C-5 of Fenner and Bucca, 1972b) In this same •,eneral
region surface dynamic topography charts for March-April (Duing, 1970) show the juxtaposition of a
cytionic and anticyclonic cell resulting in a surficial front. The frontal zone at the northern end of the
KINGSPORT 4A1 track also corresponds with the beginning of the continental rise south of Socotra.

(U) The contoured presentation on Figure 14 shows a bewildering xariety of interleaving
sound speed minima and maxima. South of the frontal zone at 9°-10°N, the predominant maxima were
associated with the most saline RSIW core, and most of the predominant minima w•ere associated xxith
the SSW low salinity core. An exception is KP SV/STD 42, where the predominant minimum corresponded
to the low salinity AAIW core (compare sound speed profile on Figure 14 with T-S diagram on Figure 16).
A similar situation occurred at the southern end of the frontal zone (KP SV/STD 45). Here, howexer,
the predominant minimum became discontinuous. Intermixing of AAIW and RSIW clearly was responsible
for much of the complex sound speed microstructure found at site 4 and throughout the western Somali
Basin duriig March 1977. A similar interleaving of water masses was obserxed throughout the region by
Warren, et al. (1966) during the southwest monsoon based on Nansen cast data.

(C) The extensive mixing portrayed in Figure 14 also may be seen on two other sound speed
cross sections given in Appendix A: Figure 26 (KINGSPORT event P1) and Figure 27 (KINGSPORT
event P5). Both tracks were bottom-limited. Ilowexer, the corrected bottom along each tiack xas approxi-
mately 200 11 deeper than 90-m conjugate depth. The greatest sound speed %ariabilitý along both tracks
occurred at abo,, 150 m, below the nominal tow depth of the low frequency source. A sonic layer xxas
absent along both tracks, probably duc to surface insolation. Geneially, sound speed structure along both
tracks was less complicated than that along the KINGSPORT 4A1 track (Fig. 14). Howexer, indixidual
sound speed profiles were quite irregular and clearly showed thc effects of intermixing of SSW, RSIW.
and AA.W.

VII. (U) ENVIRONMENTAL VARIABILITY AT SITE 5

(C) Site 5 laý at the southern edge of the Arabian Basin on the flanks of the Carlsberg Ridge, and,
as previously mentioned, was under the influence of a strong, preferential flow of RSI'. The enx ion-

mental summary for site 5 is presented as Figui e 17. Unfortunately, only one good SV/STI) xxas axailable
at site 5, and the majoiity of XBTs dropped within 20 nm (37 kin) of the site failed at depths shallower
than the DSC. Ali sound speed profiles shown on Figure 17 displa~cd a sound speed minimum at about
400 in depth associated with SSW. Two of the profiles (KP SV/STD 50 and MY XBT 100) showed a
significant sound speed perturbation at the top of the permanent thermiocline (30-100 m). Similal struc-
tures arc encountered in much of the March-April historical data collected near site 5 b)\ the International
Indian Ocean Expedition and also were found sporadically along most site 5 acoulstic tracks. A sonic
layer %%as not persistent at site 5. The greatest temporal sound speed xariability in the xxater coIlunn (about
15 in/see) occurred at about 150 in, beloxk the depth of the low frequency (9 1-in) source. Acoustic, pro)pa-
gation at site 5 was bottom-limited for both the lxwv and high ficqqucnc- souLces. The DSC st uc.tu0e show im
on Fmigure 1 7 is speculative, since most of the XBTs failed at depths less than 1500 in. Meteorological
conditions were moderate througho•ut the 12-day occupation of site 5, w•ith \ ind speeds less than 6 mn/sec,
sea heights generally less than 1 ni, and sxx cll heights a\craging less than 2 m. Txoo Sound speed cross
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Figure 17.(U) Environmental sumi.-.-. at site 5 (8-21 April 1977) (U)
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sections along tracks radial to site 5 are presented in Appendix A: Figuic 28 (KINGSPORT P1 track)
and Figure 29 (KINGSPORT P5 tiack). Both sections haxe been discussed in the BEARING STAKE Acous-
tic Assessment Report (NOSC, 1978).

VIII. (U) ENVIRONMENTAL VARIABILITY AT SITE' 2

(C) Site 2 la) on the Ovven Ridge north-northwest of the mouth of the Gulf of Aden. Sound speed
structure at this site xxas strongli influenced b) both PGIW and RSIW. llowexer, neither water mass caused
distinct sound channels at site 2, onl) microstructurc. The enN ironmental summary for this site is presented
as Figure 18. Unfortuna,el, no reliable SV/STD data wcre collected during the site 2 occupation. Based
on MYER XBT data, temporal sound speed xariabilitý at site 2 xxas les. than that at other exercise sites
except site 3. A maximum xariation of about 5 m/sec occurred betxxeen 100 and 150 m, below the depth
of the low frequency (91-in) source. \ sonic la) ci Nas absent at site 2 throughout the 9-day occupation,
and acoustic propagation was bottom-limitcd for both the high frequency (18-mi) and low frequency
sources. The DSC laý betxeen about 1720 and 1900 in and displa'ed a xariability of less than 2 m/sec.
Wind speeds \xerc generall) carn at site 2, as would be expected foi the cnd of the intermonsoonal period.
The southrxxest monsoon had not started during the site 2 occupation. Wa\e heights were generally less
than 1 M superimposed on about 2-m sxxells. Two sound speed cross sections radial to site 2 are presented
in Appendix A: Figure 30 (KINGSPORT P1 track) and Figure 31 (KINGSPORT P3 track). Both sec-
tions are discussed in the BEARING STAKE Acoustic Assessment Report (NOSC, 1978).

IX. (U) REPRESENTATIV!" SOUND SPEED AND TEMIPERATURE-SALINITY PROFILES

(U) Composites of representetix BEARING STAKE sound speed profiles and their associated
T-S ciagrams are illlsLratetC in Figure 19. The representatixe profiles were derived from the time-series
plots of sound spe.d ..- each site , and are a near-niod.,1 profflc. For all sites except site 2, the
relp,esentatic c\i, ,se •ound speed profiles are based upon SV/STD data so as not to incorporate XBT
inaccuracies. Neamr-sar.,cc LCemi)eratuies and sound speeds at sites lA/IB were somexxhat lower than those
at other exercise N1, s ' ak to the effects of northeast monsoon upxxelling in the northern Arabian Sea.As prexiuusl'• mentiored, Ss ped ~ed profiles ait sites iA and 1B %aried markedly taot40mdph

probably attributable tG northeast Monsoon ut-.eiling. Representatixe T-S diagrams for these tx-o sites
clearlý show that temi-perature it 400 in N•az -,ore than ITC warmner ,at site IA than aIt site 1B, while salinlity

r at sic IA. At depths ,boxe 1200 n, the iepresentative sound speed
profile it site 2 xwas sex eral meters-pcr- econd higher than that for other exercise sites, cansed by hinh
salinit) PGI\M aur RSIW in a ielatixely unmixed form. The rnicrostructure shown on the site 2 repiesen-
tatitx e profile xx as caused b intermixing and sinking of these txx o \x ater masses. In contrast, tile reprcsenta-
tixe profile fo" site 3 was smooth and regular and showed ininimd water mass .

(U) At site 4, the extremelý coiplex and irregullar sound speed arod T-S profiles reflect intermixing
of PGIW, SSW, RSIAV, anidAAIW. Between depths of abou~t,400 and 2500 in, the represenitatixe sound speed

Spiufilc at site 4 \%as the lowest cnlcuntcicd al an) exercise site, clue main!,\ to the southern location of

the site and to the effects of rela' i\ el\ cool, low salinit) SSW and AAI'. Although sitc 5 was influenced
b) both SSW and RSIW, the oceanograph,) theie was nowhere near as complex as at site 4. Due to its
location just north of the Carlsberg Ridgec, the represcntatix c sound speed profile al site 5 closelx- resembled
that foi site 3 bclox\ 700 in. Ilow exer, abo\ c 700 in, the profile at sitc 5 exhibit d a bichannei structure
similar t,) that for sitc 4. Sound speed profiles in the \ icinitN of site 5 frequentlý display ed perturbations
at depth', abox c 100 in that \x l-C caused bN a near-surfacc, low salinitx la) cr o-erl) ing warmer, more saline
wý- rs Ir )ri the northern Arabian Sea.

(U) Figurc 20 compares repi cesentati\ c excrcise sound sp,.cd profile, at each site \x ith rcprcscntati\ c
profiles 011o1 the southxxt (J unC-Sclptember). All piofiles presented M Figure 20 are listed in
Appcndix B (Tables 3, 4, and 5). The rcplcscntatixc southwest monsoon p1ofilzs \xIec chosen from his-

torical datai po)sitioned as closc to cach site as possible and therefore are not specific to any occanic
lio\ince. At sites IA/iB, the repl esentaIx e southwest monsoon profile \xas ncax 1\ 10 In/sec hi"hcr at the
surfaiee than that found during the exercise duc to the effects of summer x•anming .. At site 3, summer
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xwarmning caused an approximately 5-m/sec increase in surface sound speed during the southwest monsoon.
At site 4, the southwest monsoon profile was 17 m/sec lower at the surface than the exercise profile,
apparently due to summer upwelling off the Somali coast. This upwelling caused lower southwest monsoon
sound speeds to a depth of at least 400 rn. At site 5, the southwest monsoon profile was about 15 m/sec
higher than the exercise profile above 400-m depth, due to both near-surface warming and the effects of
reversing monsoon circulation. In addition, the upper sound speed miaimum was far better developed
during the exercise, probably due to the presence of more RSIW. At site 2, southwest monsoon upwelling
off the Muscat and Oman coasts caused lowei sound speeds to depths of at least 500 mn. Below
400-500 mn, representative sound sp,:ed profiles at all sites were quite similar to those for the exercise
except in regions where upN•elling is expected during summer, in keeping with the findings of Fenner
and Bucca (1972b). In any case, the southwest monsoon profiles shown in Figure 20 are adequately repre-
sentative for acoustic modeling d';ring the soithwest monsoon.

X. (U) ACOUSTIC IMPLICATIONS

(C) Except for site 4, acoustic propagation at the major BEARING STAKE sites was bottom-
limited for both dic high frequency (generally 18-mn) and low frequency (generally 91-mn) CXV sovirces.
Therefore, details of acoustic propagation are governed more by details of bottom interaction than by

'5 sound speed variability, unless this variability occurred at or above the depth of the source. The depth of
maximum temporal and spatial sound speed xariabilit) lay between 100 and 150 mn at all sites and there-
fore was below the nominal tow depth of either the high or low frequency sources, except at site lB.
1Here, the nominal tow depth of the low frequency source was 102 m, and sound speed variability should
affect transmission of acoustic signals to a greater degiee than at other acoustic sites. At site 1A/1B, up-
welling caused a 4- to 5-rn/sec change in sound speeds between the two occupations. This change would
complicate comparison of propagation losses for KINGSPORT exents SI at the two sites, but should not
cause markedly differcnt propagation. At sites 2 and 3, environmental variability apparently was insuf-
ficient to markedly affect propagation. At site 5, sporadic sound speed perturbations above a depth of
about 100 m could have significant effects on propagation, particularly for the low frequency source
(nominal tow depth of 91 in).

(C) At site 4 and along site 4 acoustic tracks, the corrected bottom frequently exceeded 5000 m.
Nevertheless, propagation was basically bottom-limited for tLe high frequency (18-m) source since critical
depth lay barely above the corrected bottom, so that an acoustic wave propagating over the spherical
earth would actually penetrate the bottom. Some refraction of downward rays v~ould be expected from the
low frequency (9 1-m) source throughout the Somali Basin since 90-n1 conjugate depth frequently lay at
least 200 rn above the corrected bottom. The intense sound speed Nariability and microstructure encoun-
tered at site 4 and along acoustic tracks radial to this si-e may ha-e caused some anomalies in acoustic
propagation patterns, ee en for bottom-limited situations. These anomalies should be most obvious for the
low frequency (91-m) source in situations where the corrected bottom was deeper than 90-rn conjugate
depth.

(U) Ambient noise for frequencies abo\c that %ýhere shipping dominates (approximately 200 Hz)
is governed by local wind speed (Wenz, 1962). Gener.dly, winds were calm or of low speed throughout
BEARING STAKE, up to a maximum of 10.5 knots at sit,, IA. Thus, ambient noise levels should be low
at the higher frequencies. In the ex ent that infrasonic noise (less than 20 Hz) is explicitly due to sea and
swell conditions, levels also would be low, since maximum sea and swell heights were less than 1.5 and
2.7 mn, respectively, ove, the course of the exercise.

XI. (U) SUMMARY

(C) The BEARING STAKE exercise was conducted at fihc major acoustic sites in the northwest
Indian Ocean during January through April 1977. All sites were occupied during either the northeast
monsoon or the transitional period between the northeast and southwest monsoons. A total of 620 XBTs,
80 SV/STDs, and more than 3200 meteorological observations (wind specd/di, ection and sea/swell height)
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wcrc taken throughout the cxCIcisc aica to dtfinc cnmironmental effects on acoustic pi)o1agation. In d(ldi-

tion, bathymctric profiles were collected along all major acoustic tracks.
(U) All XBT traces were machine digitized and Lon erted to sound speed using the equation of

Wilson (1960) and a salinitN field derixcd inainly fiom exercise SV/STD data. Gcnerallk, soindl speeds

calculated from XBT telnpeiatuies v.crc up to 1.0 In/sec higher than those measurcd dii'cctly a1n1d uip to
0.5 m/sec highei than those calculated from SV/STD data. Muchi of this enror is attibutable to XBT pi obc
'and recorder inaccuracies compounded by inaccuracies in Wilson's equation. I)espite these inacCulaciCs,
tile total exercise sound speed data base (XBTs plus SV/STDs) is adequate for 1)1opagation loss calculations
since measured and calculated sound sp)eed radients were nearly identical thioughout the i )er 2000-
2500 mn of the water columm. Below about 3000-in depth, measured sound speeds xN.cre useu .xclusix ely
in all analyses.

(C) Site 1 %%as located in the eastern part of the Gulf of Oman and was occupied twicc, hence
sites 1A and lB. The two sites ,were located 5 nin (9 kin) apart, and both ,,crc under the influence of high
salinity PGLW that emanates into the Gulf of Oman through the Straits o' llorr-mz. This x,,'ter mass caused
sound speed perturbations abox e 600-rn depth at site 1A (14-24 January), but only caused sound spccd
.gradient changes at site 1B (16-26 Februar, ). Acoustic proipagatio)n at sites 1A and 1B and along acoustic
tracks radial to them was bottom-limited in respect to both the high frequency (18- or 24-in) and lowN
frequency (91- or 102-in) sources. Maximum temporal and spatial sound speed xariabilitx occurreC at
100 m, the approximate tow depth of the low frequency source during site 1B acoustic ecxnts. Sound speed
profiles at site 1B were up to 5 m/sec lower than those .,t site 1A o e month earlier, apparently as a rcsul1
of increased northeast monsoon upwelling after the site 1A occul)ation. An anticyclonic cell was found
about 110 nm (200 kin) south of site 1A that caused a downward boxxing of sound speed isopleths in
the upper 1700 m of the water column.

(C) Site 3 was located in the central Arabian Sea and was occupied duining 1-16 February. This site
xx as not strongly influenced bý intrusix C water masses, although high salinity RSIW did cause sound speed
mnaicrostructure between about 400 ,ild 900 in. Acoustic propagation at site 3 and along tracks radial to it

xx as bottom-limited for both the high frequcncy (18-m) and low frequency (91-in) •,ourccs. Maximnum
temlporal and spatial sound sl''e-d variability at the site (about 5 m/sec) occurred at 100 m, just below% the
nominal depth of the low frequency Source. Ox erail, sound speed xariability at site 3 and alongý acoustic_
tracks radial to it was less than at any other exercise site.

(C) Site 4 was located atop the Chain Ridge with acoustic tracks oriented acioss the western Somalh
Basin. The site was occupied from 9 to 26 March at tile beginning of the intermonsoonal transition. In
contrast to site 3, emironmental xariability at site 4 Nas the most complex found at any exercise site duc
to intermixing of semcial intrusixc xater masses. The site was located astride a p1imary flohw o! RSIW
that extends south along the east African coast at depths of 600-900 in and also Xxas stiongly influenced b)
low salinity SSW and AI\' that flom% noi th at depths abo\ c and below the RSIW core. In additioin, site 4
was sporadically influenced uy high salinity PGIW at depths aboxe 300 in. Sound speed prulilcs at the
site and throughout the western Somali Basin displayed extremely xariable miciostructule caused by the
interleaving of PGIW, SSW, RSIW, and AAIW. Maximum temporal sound speed xariability at the site (Ino:e
.han 17 m/see) occurred at 100 in, just below the depth of the low frequency (91-m) source, and \%as
the greatest such x ariability encountered at an', exercise site. Site 4 was effecti\el bottom-limited fl
the high frequency (18-rn) source. Ilowexcr, 90-in conjugate depth at the site lay at least 200 in aboxne
the corrected bottom, and after 17 March was up to 800 in shallower than the corrected bottom.

(U) Between 22 and 25 March, WILKES collected mole than 30 X.''Ts aý a location 20 nin (37 kin)
northx\est of site 4. The predominant Lipper sound speed minima (at abou 500 m) and p1cdouminant
intermediate sound spee( maxima (between 600 and 800 m) were continuous ox er most of the 78-hotir
tune-series, aid generally -were associated with the SSW low saliumity and RSIW high salinity clies, respcc-

tix ely. Upper minima and intermediate maxinma x crc found to be spatiall\ continuous along sex ceal tracks
radial to site 4, and probably \werc continuous throughout much of the xxcstern Somali Basin. 110 f '&.
through the time series, howcx er, the depth of the upper sound speed minimum ncieadSCd to grcatei than
600 in, and the intermediate sound speed maximumn occuried about 100 in bclow the depth of thet mini-
Smum (associated with the AAIW IoN salinit, core). A similai situation occurm cdl along the KINGSPORT
4A1 track (due north of site 4).
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(U) Sound speed structures along the KINGSPORT 4AI track (between site 4 and Socotra) were

even more complex than those at site 4. The entire track was effectixcly bottom-limited, but at least 200 m
deeper than 90-m conjugate depth. At 9°-10'N, the depth of the DSC increased rapidly by about 8.4 mn/nm
(4.5 m/km). This gradient is the largest found along exercise acoustic tracks and delineates a moderate
oceanic frontal zone that extended from the surface to about 2000-m depth. The sonic layer was dis-
continuous across this front, and intensive mixing within the trontal zone effectively obliterated the double
minimum sound speed structure found further to the ,,uth. Interleaxing of PGIW, SSW, RSIW, and AAIW
within the frontal zone is similar to that found throughout the xs estern Somali Basin during the southx% est
monsoon (Warren et al., 1966). O~erall, RSIW was the most important wNater mass affecting sound speed
structures along the 4A1 track. Howeer, mixing of RSIW and AAIW clearly was responsible for much of
the complex sound speed microstructure found at site 4 and along tracks radial to it.

(C) Site 5 was located at the southern edge of the Arabian Basin (flanks of the Carlsberg Ridge)
and was occupied from 8 to 21 April. All sound speed profiles at the site displayed an upper sound speed
minimum (at about 400 m) associated with the SSW loxv salinity core and an intermediate maximum (at
500-700 m) associated with a strong, prelereatial flow of RSIW. In aduition, site 5 sound speed profiles
sporadically displayed a perturbation at the top of the thermocliae (30-100 in). The greatest temporal and
spatial sound speed variability in the watcr column (about 15 m/sec) occurred at 150 m, well below the
depth of the low frequency (91-m) source. Acoustic propagation at sate 5 and along acoustic tracks radial
to it was bottom-limited in respect to both the high and low frequency sources.

(C) Site 2 was located on the Owen Ridge (north-northwest of the mouth of the Gulf of Aden)
and was occupied during the last x"eek of April. However, the southwest rnoisoon had not started during
the occupation of this site. Although the site vva,, strongly influenced t)y PGIW and RSIW, neither water
mass caused significant upper sound channels, only sound speed microstructure thrughout the upper
1500 m of the water column. The greatest temporal and spatial sound speed ,arial):lity at site 2 (about
5 m/sec) occurred at 100-150 m, and N•as less than that at any other site except site 3. Acoustic propaga-
tion at site 2 and along acoustic tracks radial t, it was bottom-limited for both the high (18-m) and Low
(9 1-m) frequency CW sources.

(C) Representative sound speed profiles for each exercise site weie derixed from timne-series at the
respective site. The site 2 representatix e profile generall) had the highest sound speeds (due to intermixing
of RSIW and PGIW), while the site 4 representatix e profile generally had thc lowest sound speeds (primarily
due to the effects of SSW and AAIW). In the near-surface iayer, howex er, the site IA/IB representative pro-
files had anomalouslý low souid speeds due to the effects of northeast monsoon upxvelling. Representative
sound speed profiles for the southwest monsoon (June-September) were derived for e tch s'te using histori-
cal data and were similar to those for the exercise except abox e 400-500 in and in regions where upNN elling
is expected during summer (i.e., sites 2 and 4).

(C) Overall, environmental effects on O(oustIC propagation and , nbient noise were minimal durnig
BEARING STAKE. Except at site 4, propagation at all sites was bottoin-limited in respect to both the high
frequency (generallý 18-m) and low frequency (generally 91-in) sources, and the modelate amounts of
sound speed vaiiability encountered should not have caused anomalous propagation patterns. Hovv evcr,
the corrected bottom was at least 200 m deeper than 90-m conjugate depth at site 4 and along most acous-
tic tracks radial to it. This should have allowed for some refraction of downward rays from the low fre-
quency (91-in) source. The intense temporal and spalial sound speed variability throughout the western
Somali Basin also should hake affected propagation to sensors at site 4, particularl for the low frequency
(9 1-nm1 source. for Nvhich there was some depth excess. Since wind speeds %ere genc ally less than 6 m/sec
(about 12 knots) and sea/s•%,.i heights less than about 3 in (about 10 feet), ambient nois, le\cls aboye
200 Hlz measured during the excrcise should have been moderatc to low.
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APPENDIX A

SELECTED SOUND SPEED CROSS SECTIONS

ALONG KINGSPORT SUS AND CW TRACKS (U)

(C) As part of the BEARING STAKE enxironmental analysis piogram, NORDA provided NOSC
with sound speed and bathýrmctric profiles along. 27 mjor acuustic tracks occupied b, KINGSPORT.
These tracks are listed by site in Table 2. Three of these tracks arc extensivcly discussed in the main bod5
of this report: KINGSPORT track 1A1 (Fig. 6), KINGSPORT track 3A2 (Fig. 9), arnd KINGSPORT
track 4A1 (Fig. 14). The location of these three tracks is shown in Figure 1. Figure 21 shov s the location
of 10 additional tracks chosen bh NOSC for propagation loss modeling. Since these tracks describe sl)atial
sound speed %ariabiity throughout much of the northwestern hndian Ocean, thcN arc included heicin
as Figures 22 through 31. Each track has been pmreiouslý pi escntcd and discussed in the BEARING STAKE
Acoustic Assessment Report (NOSC, 1978).
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APPENDIX B

REPRESENTATIVE EXERCISE AND SOUTHWEST MONSOON SOUND SPEED PROFILES (U)

(U) Representative sound speed profiles were chosen at each BEARING STAKE site for both the
period of site occupation and for the southN•est monsoon (June-Septeribei). These piofilcs are presented
graphicaIl, in the main body of this repolL in Figure 20. Li-tings of the profiles are gi% en in Table 3 (sites
!,\ and 1B), Table 4 (sites 3 and 4), and fable 5 (sites 5 and 2). Representative exercise profiles xxere
deri, ed from time-series of sound speed at each site, and arc near-mudl profiles. Those for sites 1A/lB
a,id 3 are from the northeast monsoon. Those from sites 4, 5, and 2 arc from the transitional period be-
t., cen the northeast and southwest monsoons. Representatix e southwest monsoon sound speed profiles for
each site NN ere chosen from historical dta collected as part of the International Indian Ocean Expedition.

V
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TABLE 3(U)

REPRESENTATIVE EXERCISE AND SOUTHWEST MONSOON
SOUND SPEED PROFILES FOR SITES 1A AND 1B(U)

EXERCISE (Site 1A) EXERCISE (Site IB) S. W. MONSOON

Depth SS Depth SS repth SS
(m) (m/sec) (m) (m/sec) (M) (m/sec)

0 1533.0 0 1531.9 0 1542.5 SLD
25 1533.1 10 153?.0 SLD 10 1542.3
65 1533.3 SLD 25 1530.9 20 1542.3
100 1521.1 50 1530.8 30 1530.6
125 1519.8 75 1522.4 50 1528.6
150 1518.7 100 1520.4 75 1526.5
165 1517.9 150 1519.1 100 1523.6
185 1518.5 200 1517.7 125 1523.0
200 1517.6 250 514.0 150 1522.0
250 1514.4 300 1509.5 200 1519.8
300 1513.2 350 1507.4 250 1515.0
350 1510.9 400 1506.0 300 1511.0
400 1509.7 500 1504.8 400 1506.6
501 1506.7 550 1504.5 500 1506.1
600 1505.4 575 1504.6 600 1505.0
700 1504.6 625 1504.0 700 150a.5
800 1503.9 675 1503.6 800 1503.6
900 1502.6 700 1503.7 900 1502.6
1000 1501.7 800 1502.6 1000 1501.6
1100 1500.3 900 1501.9 1100 1500.3
1150 1a99.2 1000 15C0.5 1200 1499.1
1200 1499.1 1100 1499.1 1300 1497.8
1300 1498.3 1200 1498.6 1400 1496.9
1400 1497.1 1300 1497.7 1500 1496.1
1500 1496.3 1400 1496.8 1750 1495.6 DSC
1600 1495.6 1500 1495.9 2000 1496.0
1750 1495.4 DSC 1500 1495.3 2500 1500.6
1825 1495.6 1725 1495.0 DSC 3000 1507.8
1900 1495.8 1800 1495.3 3350 1513.3 CBD
2000 1496.3 1901 1495.2
2200 1497.8 2000 1495.7
2500 1500.7 2200 1497.2
3000 1507.7 2500 1500.3
3350 1513.3 CBD 3000 1507.7

3350 1513.5 CBD

A'SREVIATIONS:

SLD = Sonic Layer Depth
DSC = Deep Sound Channel
CBD = Corrected Bottom Depth
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TABLE 4(U)

REPRESENTATIVE EXERCISE AND SOUTHWEST MONSOON
SOUND SPEED PROFILES FOR SITES 3 AND 4(U)

EXERCISE S. W. MONSOON EXERCISE S. W. MONSOON

Depth SS Depth SS Depth SS Depth SS
(m) (m/sec) (m) (m/sec) (m) (m/sec) (m) (0n/sec)

0 1538.5 0 1543.6 0 1543.9 SLD 0 1528.1 SLD
35 1538.9 SLD 10 1543.8 25 1543.0 10 1527.6
50 1537.8 20 15a4.0 50 1541.0 20 1527.6
75 1537.2 30 1544.1 75 1532.9 30 1527.6
100 1529.5 50 1544.5 SLD 100 1528.2 50 1527.3
150 1521.7 75 1536.0 160 1518.2 75 1526.5
200 1515.9 100 1532.5 201 1514.3 100 1526.3
250 1512.7 125 1529,1 250 1509.4 125 1522.1
300 1511.1 200 1519.6 300 1505.1 150 1511.1
350 1509.3 250 1516.3 400 1499.8 200 1505.0
400 1507.9 300 1512.1 450 1498.9 250 1503.5
480 1506.9 400 1509.0 500 1500.5 300 1501.5
500 1507.0 50Q 1507.3 575 1501.9 400 1499.5
540 1506.4 600 1506.6 600 1501.4 500 1499.3
560 1506.7 700 1506.0 625 1502.4 600 1501.8
600 1506.2 800 1505.1 675 1499.6 700 1497.6
630 1506.4 900 1504.5 726 1500.7 800 1497.1
701 1505.5 1000 1504.0 799 1498.9 900 1496.8
800 1504.8 !100 1502.1 849 1500.1 1000 1496.1
900 1504.3 1200 1501.3 874 1499.1 1100 1495.8
1000 1503.1 1300 1500.0 925 1499.3 1200 1496.3
1100 1502.6 1400 1498.8 999 1498.4 1300 1496.0
1200 1501.9 1500 1497.8 1098 1497.2 1400 1495.3
1300 1500.9 1750 1495.8 DSC 1197 1496.1 1500 1494.8
1400 1500.0 2000 1496.2 1297 1495.6 1750 1493.0 DSC
1500 1499.2 2500 1500.6 1346 i495.9 2000 1494.6
1600 1498.3 3000 1537.7 1421 1491'.2 2500 1500.3
1ý0') 1497.8 3580 1516.9 CrD 1 0 1494.6 3000 1507.5
!eO1 1497.1 1595 1492.4 4000 1523.6
1890 1496.9 DSC 1743 1492.3 DSC 5106 1542.8 CBD
2001 1497.2 1892 1493.2
2200 1498.5 1991 1494.1
2500 1501.3 2189 1495.8
3001 1507.6 2511 1500.1
3580 1516.8 CBD 3004 1507.3

3498 1515.2
4012 1523.5

.;BBREVIATIONS: 4501 1531.4
Same as previous table 5106 1542.5 CBO
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TABLE S (U)

REPRESENTATIVE EXERCISE AND SOUTHWEST MONSOON
SOUND SPEED PROFILES FOR SITES 5 AND 2(U)

SITE 5 SITE 2
EXERCISE S. W. MONSOON EXERCISE S. W. MONSOON

Depth SS Depth SS Depth SS Depth SS
(m) (m/sec) (m) (m/sec) (w) (m/sec) (m) (m/sec)

0 1545.5 SLD 0 1540.3 0 1546.7 SLD 0 1536.8
30 1539.5 10 1540.5 25 1544.4 10 1537.0
50 1542.1 20 1540.6 50 1540.0 20 1537.0
75 1540.0 30 1540.8 75 1537.4 30 i537.1 SLD

100 1526.3 50 1541.1 100 1534.6 50 1536.6
150 1514.6 75 1541.3 S! 19 150 1526.7 75 1534.1
200 1509.3 100 1540,6 200 1520.3 100 1530.6
250 1504.9 125 1535.8 250 1517.1 125 1526.3
301 1502.7 150 1529.5 270 1517.3 150 1522.1
350 1501.9 200 1513.5 300 1513.6 200 1515.3
400 1501.8 250 1508.0 350 1512.6 250 1511.8
450 1501.6 300 1504.5 410 1510.7 300 1509.1
500 1502.7 400 1503.0 440 1510.9 400 1506.8
550 1503.2 500 1502.1 480 1510.2 500 1505.6
649 1503.6 600 1502.5 530 1508.2 600 1505.5
699 1503.4 700 1501.3 560 1508.4 700 1505.1
800 1501.9 800 1500.1 620 1507.6 800 1504.6
824 1502.2 "05 1498.8 660 1507.6 900 1503.5
900 1501.4 ]000 1497.6 710 1506.8 1000 1502.5

1000 1500.0 1100 1496.8 750 1507.0 1100 1501.5
1098 1499.1 12n)0 1496.1 800 1505.8 1200 1500.5
1198 1498.1 1300 1495.5 850 1505.6 1300 1499.5
1296 1497.5 1400 1494.6 900 1505.0 1400 1498.1
1396 1496.4 1500 1494.1 950 1504.9 1500 1497.1
1495 1495.2 1750 1493.3 DSC 1010 1503.9 1750 1495.6 DSC
1594 1494.7 2000 1494.1 1040 1504.2 2000 1496.1
1693 1494.4 2500 1499.8 1100 1502.7 2500 1500.5
1768 1494.3 DSC 3000 1507.5 1200 1501.4 3100 1509.0 CBD
1893 1494.6 3909 1522.5 CBD 1300 1500.3
1991 1495.1 1400 1499.2
2189 1496.3 1540 1497.1
2511 1499.9 1600 1497.4
3003 1506.9 1720 1496.3
3495 1515.1 1780 1496.6
3909 1522.5 CBD 1820 1496.2 DSC

1900 1496.6
1980 1497.1
2200 1498.0
2500 1500.3
3100 1509.1 CBD

ABBREVIATIONS:
Same as previous table
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APPENDIX C

LIST OF ACRONYMS AND '\B3BRE'VIATIONS (U)

AAI1V - Antaictic Interin-w(latc Water;. cold, kmx salinit'y ý%atci mass formed in the ý iciflit'ý of the Antai c-

tic Circumpolar Conveqgence

BI1V- Banda Intermediaite Water; a cool, Iox% salinit) wvater mass formed in Jhc Banda Seaj of the Indoncsia',
Archipelago

WvINA - Bottom Mlountedi Array; an acoustic mneasuring device

C. - cape

T- degýrees Centigrade

CIV - continuous wavae; a type of acoustic projector
VDI - I-BAS DIAMNANTINA

DSC - deep sound channel; the absolute sound speedl minimum

E-East longitude

H-z - I-lertz

is. - island

kim - kilometer(s)

KP - USNS KINGSPORT

m - meter(s)

rn/sec - meters-Iper-second

MNY - USINS MIYFR

.MZ - USNS MIZAR

N - North latitude

nm - nautical mile(s)

NORDA - Naval Ocean Rewcarch and De-velopment Activity, NSTL Station, Mississippi

NOSC - Naval Ocean Systemns Center, San Dieg-a, California

NSTL - National Space Technology Laboratories

PGI1V - Persian Gulf Intermediate Water; a warm, high salinity N atey mass formed in the Persian Gulf

RSIW - Red Sea Intermedi,,te Water; a w~armn, high salinity wvater mass formed in the R-cd Sea

S - South latitude

SSW - Subtropical Subsurface Water; a cool, low sAlinit) x% ater mass formed a~long the Subtrop~ical Con-

SUS smgnial-uniclerxvaLer-soundC; an aeoustic depth charge

SXT/STL) - sound N elocmtý -saliniity%-tein peratuire-(le)thi; an oceanographic instrument dhat meaIS~res SonLIu

sp~eedl, temperature, and salinity as a function of pressure or depth

'f-S - temp)erature-salinity
XBT - shipboard expendable bhath) thermograph; an oceanogr '~m. instrument t hat measures teinpem attn

as a function of depth to either 460 in (Sippican Model T-4 probe), 760 m, (T-7 probe), or 1830 In

Z - Zulu or Greenwich Mean Time
010)0 - pat-c-to sn

51
vfn ifl VrMT~I



CONFIDENTIAL

THIS

PAGE

i M~M'il r'-111l IIUI\/HLLY

LEFT

BLANK

52 flM FI2lFMTIA!



CONFIDENTIAL
Distribution List (U) No. of Cojies

Naval Ocean Research and Development Activity,
Liaison Oifice

Ballston Tctwer, No. 1, Rm 532
800 N. Quincy Street
Arlington, VA 22217

Commanding Officer
Naval Ocean Research and Developnment Activity
(Attn: Technical Director)
NSTL Station, MS 39529

Commanding Officer
Naval Ocean Research and Development Activity 2
(Attn: Code 320)
NSTL Station, MS 39529

Commanding Officer
Naval Ocean Research and Development Activity
(Attn: Code 600, R. D. Gaul)
NSTL Station, MS 39529

Commanding Officer
Naval Ocean Research and Development Activity
(Attn: Code 200, CDR T. McCioskey)
NSTL Station, MS 39529

Commanding Officer
Naval Ocean Research and Development Activity
(Attn: Code 340, S. W. Marshall)
NSTL Station, MS 39529

Commanding Officer
Naval Ocean Research and Development Activity
(Attn: Code 360, ff. Eppert)
NSTL Station, MS 39529

Commanding Officer
Naval Ocean Research and Development Activity
(Attn: Code 330, R. Zalken)
NSTL Station, MS 39529

Commai.der-in-Chief, Atlantic Fleet
Naval Base
Norfolk, VA 23511

Commander-in-Chief, US Navy Europe
FPO New York 09510

53
CONFIDENTIAL



CONFIDENTIAL

Distribution List (U) No. of Copie

Commander-in-Chief, Pacific Fleet I
(Attn: CDR K. R. Dickey, Code 352)
Box 11
FPO San Francisco 96610

Commander-in-Chief, Pacific
FPO San Francisco 96610

Chief of Naval Operations
(Attn: OP-095)
Washington, DC 20350

Chief of Naval Operations

(Attn: OP-095E)
Washington, DC 20360

Chief of Naval Operations
(Attn: OP-098)
Washington, DC 20350

Chief of Naval Operations 2
(Attn: OP-951)
Washington, DC 20350

Chief of Naval Operations 2
(Attit: OP-955)
Washington, DC 20350

Chief of Naval Operations 2
(Attn: OP-955F)
Washington, DC 20350

Chief of Naval Material
(Attn: Code 08T24, G. R. Spalding)
Washington, DC 20360

Director, Naval Research Laboratory
(Attn: Code 8108)
Washington, DC 20375

DUrector, Naval Research Laboratory
(Attn: Code 8160, B. B. Adams)
Washington, DC 20375

Advanced Research Project Agency
Acoustic Research Center
(Attn. T. Kooij)
Žvloffett Field, CA 94035

54

CflNFIGuNTiA I



CONFIDENTIAL
Distribution List ( No. of Copies

Assistant Directoi
Ocean Control DDR&E
Room 3D-1048, Pentagon
Washington, DC 20301

OASN (RE&S)
Room 4D-745, Pentagon
(Attn: G. A. Cann)
Washington, DC 20301

Commander
Naval Air Systems Command
(Attn: Code 370)
Washington, DC 20360

Commander 4

Naval Electronic Systems Command
(Attn: PME-124-60)
Washington, DC 20360

Commander
Naval Electrontic Systems Command
(Attn: Code 320,J. Sinsky)
Washington, DC 20360

Commander, Third Fleet
(Attn: N-32)
FPO San Francisco 96610

Commander, Seventh Fleet (N34)
(Attn: CDRJ. T. Talbert, Jr.)
FPO San Francisco 96610

Commander
Naval Oceanographic Office
(Attn: J. L. Carrol)
NSTL Station. MiS 39522

Commander
Naval Oceanographic Office
(Attn: W. H. Geddes)
NSTL Station, MiS 39522

Commander 2

Naval Air Development Center
(Attn: MNlr. J. Howard)
Warminster, PA 18941

55

CONFIDENTIAL



CONFIDENTIAL

Distribution List (U) No. of Copies

Commander
Naval Sea Systems Command
(Attn: Code 061-1, C. D. Smith)
Washington, DC 20362

Commander
Naval Intelligence Support Center
4301 Suitland Road
(Attn: Code 222)
Washington, DC 20390

Supelintendent
Naval Postgraduate School
(Attn: Library)
Monterey, CA 93940

Commander
Naval Oceanography Command
NSTL Station, MS 39522

Office of Naval Research
(Attn: Code 102-OS)
Arlington, VA 22217

Applied Research Laboratory/University of Texas 2

P. 0. Box 8029
(Attn: S. Mitchell)
Austin, TX 78712

Bell Telephone Laboratories 2

(Attn: Mr. R. Lauver and Mr. Pennotti)
Whippany, NJ 07981

Western Electric Company 3
(Attn: Mr. R. Scudder)
Gelford Center
P. 0. Box 20046
Greensboro, NC 27420

Woods IHole Oceanographic Institution
(Attn: Dr. E. E. Ilayes)
Woods Hole, MA 025-3

Planning Systems, Inc.

(Attn: Dr. L. Solomon)
7900 Westpark Drive
McLean, VA 22101

56

CONFIDENTIAL



CONFIDENTIAL

Distribution List (U) No. of Copijes

CommanderI
Naval Ocean Systems Center
(Attn: R. R. Gardner, Code 5301)
San Diego, CA 92152

Commander 2
Naval Ocean Systems C ýr
(Attn: Code 531, E'. b). 'rmstall)

San Diego, CA 92152

ComnmandIer1
Naval Ocean Systems Center.
(Attn: Code 7 14, M. A. Pedersen)
San D~iego, CA 92152

Commander1
Naval Ocean Systems Center
(Attn: Code 7143, Dr. R. A. Wagstaff)
San D)iego, CA 92152

Commander1
Naval Ocean Systems Center
(Attn: Code 531, G. S. Yee)
San Diego, CA 92152

Cornmnandler
Naval Ocean Systems Center
(Attn: Code 714, F. E. White)
San Diego, CA 92152

Commander
Naval Ocean Systems Center
(Attn: Code 7143,J. G. Colborn)
San Diego, CA 92152

Commander
Naval Electronic Systems Command
(Attn: PNME-124-20, R. Knudsen)
Washington, DC 20360

Commander
Naval Electronic Systems Command
(Attn: PME-124-30)
Washington. D)C 20360

TVRW
7600 Colshire Drixe
(Attn: R. Nlurawski)
McLean, VA 22101

CONFIDENTIAL



CONFIDENTIAL

Distribution List (U) No. of Copies

Applied Hydroacoustics, Inc. I

(Attn: F. Ryder)
Montgomery Plaza Building
656 Quince Orchard Road
Gaithersberg, MD 20760

"Mechanics Research, Inc.
(Attn: N. Peck)
7929 Westpark Drive
McLean, VA 22101

58 CON FIDENTIAL



CONFIDENTIAL
"SECuRITY CLASSIFICATION OF THIS PAGE (lWhen Deja F.itered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

NORDA Rcport 18

4 TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

BEARING STAKE EXERCISE: SOUND SPEED AND OTHER Final
ENVIRONMENTAL VARIABILITY (U)

7 6 PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)

Don F. Fenner
William J. Cronin, Jr.

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10 PROGRAM ELEVE' ,. PROJECT, • ASK
Naval Ocean Research and Develotpment Activity AREA & WORK UNI r NUMBERS

NSTL Station, MS 39529 980101/934003

II CONTROLLING OFFICE NAME AND ADDRESS 12 REPORT DATE 7
Naval Ocean Systems CenCtr Septemiber 1978
San Diego, CA 9 215 2 VJ NUMBEROI ,'AGES

64
14 MONITORING AGENCY NAME & ADDRESS(If different from Controlting Office) 15 SECURITY CLASS (of this repurr)

CONFIDENTIAL
N/A Fl DECt ASSlFICATION/DOWNGRADING

SCHEDULE

SReview on 7 Feb 1997
16. DISTRIBUTION STATEMENT (of thie Report)

I n /ad ~n Vto s e• requir ts whic p 1ý to this cment ana 't be ametl>, be
fu er (I trib ed b the der nly "ath th specifinrioripp , of th Naal ectron

stems )niand ( I- 24),A in - n, Virg 'a 360

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, If different from Report)

N/A

IS. SUPPLEMENTARY NOTES

19 KEY WORDS (Continue on reverse aide it necessary and identify by block number)

BEARING STAKE Exercise, sound speed data, temperature-salinit'> d,-ta, bathymetric tracks,
meteorological data, interleaving, upwelling, acoustic propagation, ambient noise

20. k6STRACT (Continue on revere. scla if nocesemy and Identify by block number)

(C) I he BEARING STAKE exercise was conducted at five sites in the northwest Indian Ocean
during January through April 1977 (northeast monsoon). Oceanographic data from the exercise
consisted mainly of expendable bathythermograph (XBT) obser-,ations that x clc conw cretd to
sound speed using the equation of Wilson (1960) and a salinity field derixed from exercise deep
ocean station data. At all c.Acrcse sites except site 4 (Somali Basin), acoustic plopagation v•as bottom-
limited in, espect to the high frequen ,' (about 18-m) and low frequency (about 91 -m) sources.
Although site 4 was bottom-limited in respect to the high frequency source, at least 200 in of depth

DD ", 1473 EDITION OF t NOV 65 IS OBSOLETE C IE A
SEJUN R C S CONFIDENTIAln Dane59
SECURITY CLASSIFICATION OF THIS PAGE (WheT~n Data Entered)



CONFIDENTIAL
SECURITY CLASSIFICATION OF THIS PAGE(lthe, Data Entered)

excess occurred for the low frequency source. At site 4 and throughout the xxesterih Somali Basin,
interleaving of intrusive watcr masses (including Red Sea and Antaic tic Intermediat. Waters)
caused complex and highly vaiiable sound speed profiles to dcpths of at least 1800 -n. At site I B
(Gulf of Oman) sound speed profiles were up to 5 m/sec lcwer than those obserx %d one month
earlier (site 1A),'probably due to increased northeast monsoon upwelling afte! the site : - occupa-
tion. Maximum temporal and spatial sound speed variability throughout the exercise area occurred
between about 100 and 150 m,just beloxv the depth of the low frequency source. At -ll sites, Nxind
speeds and sea/swell heights were low to moderate and should not hax e markcdlx influenced
ambient noise levels above 200 Hz.

60 CONFIDIENTIAI
SECURITY CLASSIFICATION OF THIS PAGE(WIhen Data Enteredý



CONFIDENTIAL

THIS

PAGE

i NTENTI ONALLY

LEFT

BLANK

CONFIDENTIAL



DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH

875 NORTH RANDOLPH STREET
SUITE 1425

ARLINGTON VA 22203-1995
IN REPLY REFER TO:

5510/1
Ser 321OA/01 1/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36

Encl: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

BRIAN LINK
By direction



Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

DISTRIBUTION LIST:
NAVOCEANO (Code N121LC - Jaime Ratliff
NRL Washington (Code 5596.3 - Mary Templeman)
PEO LMW Det San Diego (PMS 181)
DTIC-OCQ (Larry Downing)
ARL, U of Texas
Blue Sea Corporation (Dr.Roy Gaul)
ONR 32B (CAPT Paul Stewart)
ONR 3210A (Dr. Ellen Livingston)
APL, U of Washington
APL, Johns Hopkins University
ARL, Penn State University
MPL of Scripps Institution of Oceanography
WHOI
NAVSEA
NAVAIR
NUWC
SAIC



~u U U U U U U U UU u U U U U U LU u u

z -

Z ý

z
(N (N (N

4.) q C4) kn 1r) V.) 4)a

0. 4) 0) < CD/ C)i CD c

0)0~CI 4) 0 0 ) 4) CO COnC: w

00 o ouu ou 60 ou 0 4 0 u cn 0 0 I
ci m O I'dZ m CO COm

u HE UlC) 0< C, mZC -ca

o4 z 04 ý: z z :4z z uz/2u z

0/ -z z ~
rJ, Z/ >4 - < -

a. 0 0 LLHHC

U~ cn
<0n

< HH u~ H <
0 z z0 0n < c Co! ýZ > nc

u cn U~
-.!0 w (D U

U~ u ~ U >Z ~ ~ <

< <<0

E- -

C. 
z -D CO CO u 

CU 
CA U

-< ZZ < 0 'o Zu

Nn < Z -n <--a ý

ýD o z <12< c4/

CN 0 U 0 00zz~ U Z < ~ ~ ~ _


